PURPOSE. Investigate prevalence and risk factors for lens opacities among a nationally representative sample of Nigerians aged ‡40 years.
R isk factors for cataract have been extensively researched and reviewed, 1 with studies being undertaken in many countries in different regions. There have also been twin and family studies, which indicate that some forms of lens opacity have a genetic component. 2, 3 The majority of studies show that increasing age, female sex, exposure to free radicals from smoking 4, 5 and diabetes, and steroid medication increase the risk. 1 While a diet low in antioxidants is associated with an increased risk in some studies, supplementation trials have been largely negative. 5 However, most studies have been undertaken in affluent societies where diets are good and exposure to solar radiation is limited, which is very different from developing countries where cataract is not only more prevalent but also occurs at a younger age. 6, 7 Additional risk factors of relevance to developing countries are ultraviolet light exposure, 8, 9 exposure to biomass fuels, 10, 11 body mass index (BMI), 12 episodes of severe dehydration, 13 and childbearing in women. 14 Data from a recent large, population-based survey in Pakistan showed that high ambient temperature and household deprivation were also associated with lens opacities (LO) in addition to age and sex, with body mass index showing a ''J'' shaped association. 7 However, evidence from other developing countries is scarce. This paper presents data on the prevalence and risk factors for LO, which were collected during the Nigeria national survey of visual impairment and blindness.
Nigeria is the most populous country in Africa, which had a total population of 135 million at the time of the survey, 16 .9% of whom were aged 40 years and older. Nigeria has more than 250 different ethnic groups, the largest being the Hausa, Yoruba, Ibo, and Fulani with varying languages, diets, customs, and livelihoods. There are six large administrative divisions, called geopolitical zones, namely northwest, north central, northeast, southwest, south-south and southeast. Each geopolitical zone is subdivided in states. Nigeria has a tropical climate with high year-round annual temperatures, but the north has lower annual rainfall and more annual hours of sunshine. The country is divided into several different ecological zonesdelta (south), rainforest (south and central), savannah (central and north), and Sahel (far northeast).
METHODS
A detailed description of the methods used in the survey has already been published. 15 A brief summary of the methods pertinent to this paper is described.
Sample Size
The sample size for the main survey (15, 027) was calculated based on an assumed prevalence of blindness (presenting visual acuity [VA] of less than 3/60 in the better eye) of 5% among those aged 40 years and older, a precision of 0.5%, a 95% confidence interval (CI), a design effect of 1.75, and a response rate of 85%. The ''normative sample'' included in this study was identified by systematically recruiting every seventh participant who attended the examination site. This yielded a sample of 1722 individuals aged 40 years and older.
Sampling Strategy
Multistage stratified cluster random sampling, with probability proportional to size procedures, was used to identify 310 clusters across all geopolitical zones. The cluster distribution was north central (n ¼ 45), northeast (n ¼ 41), northwest (n ¼ 80), southeast (n ¼ 36), south-south (n ¼ 45), and southwest geopolitical zone (n ¼ 63; Fig. 1 ). However, because of civil disturbances, three clusters in south-south and two clusters in southeast were excluded. Enumerated individuals were asked to attend the survey clinical station that was set up in the local community. Individuals unable to attend were examined in their homes. Two teams worked concurrently in different clusters and each team had two experienced ophthalmologists who undertook the lens grading.
Clinical Examination
All participants in the normative sample were interviewed to assess ethnic group, history of diabetes mellitus, and history of cataract surgery or couching. At the examination site, all underwent distance VA measurement (i.e., with usual correction) with a reduced logMAR E-chart in each eye. All participants had their height and weight measurement by a nurse using standard equipment. All participants in the normative sample underwent detailed examination by one of two fully qualified ophthalmologists who had been trained in all the survey methods, including lens grading. Data were collected over a 30-month period from January 2005 to July 2007.
Examination of the Lens
The World Health Organization (WHO) system classifies the type and severity of different types of opacity. 16 The method entails slit lamp examination of the lens after dilating the pupil. The degree of lens opacity is assessed in each eye by comparison against standard photographs for nuclear opacities. In grading cortical opacity, the proportion of lens circumference affected is assessed, and posterior subcapsular cataracts are graded according to the size of opacity in millimeters. Anyone with an anterior chamber depth 1/4 the corneal thickness (Van Herrick Angle grade 2 or less) was excluded. 
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Quality Assurance
The core team of ophthalmologists and optometrists underwent 4-week training at the beginning of the survey, with additional training sessions at the beginning of fieldwork in each geopolitical zone. Interobserver assessments were undertaken for VA measurement but not for lens opacity grading. Other quality assurance procedures included a random verification of data entered on the data recording forms in the field and at the project office, use of a survey manual of operations, regular monitoring by the project manager, and an advisory committee that monitored progress.
Statistical Analysis
Significant lens opacity was defined as either nuclear (NO), cortical (CO), or posterior subcapsular lens opacity (PSC) WHO grades >1, or hyper/mature cataract. A category labeled ''Other'' was created for eyes that had undergone cataract surgery or couching. Individuals included in the normative database were used in this analysis as they all underwent lens grading. Individuals with central corneal opacity or trauma that precluded lens grading were excluded. If the grades differed between eyes, the eye with the highest grade was selected for analysis. Individuals with significant mixed lens opacities in the eye used for analysis were included in risk factor analyses for both types of opacity. Body mass index was categorized as lean: <18.5; normal: ‡18.5 to <25.0; overweight: ‡25.0 to <30.0; and obese: ‡30.0. Literacy was determined at the individual level and at the household level and both had two categories: illiterate/ reads or writes with difficulty and literate. The household literacy variable used the highest level of literacy of household members. An environment and sanitation index was created using a combination of data on water supply and sanitation at the household level: very good (tap water and flush latrine); good (bore well or unprotected water supply and flush latrine); poor (tap water and pit or bush latrine); or very poor (bore well or unprotected water supply and pit or bush latrine). Ethnic group data was self-reported, and ethnic groups represented by more than 40 participants were analyzed separately. Data were not collected on cigarette smoking as this is very uncommon in Nigeria.
A customized database was created using a database management system (Microsoft Access; Microsoft Corp., Redmond, WA, USA) and data were double entered. All data were then transferred to the International Centre for Eye Health, where data cleaning and analysis were performed using a commercial statistical package (Stata 11.0; StataCorp, College Station, TX, USA).
Data are presented on the prevalence of lens opacity for different socio-demographic groups. Risk factors for lens opacity are described in relation to specific socio-demographic characteristics, such as literacy and BMI. Design based Fstatistics were calculated to establish associations between the prevalence of lens opacity and the risk factors. Univariate and age-sex adjusted logistic regression modeling were used to explore associations with demographic factors. Variables which were significant at the 0.2 level in univariate analyses were included in the multivariable model. Pairwise interactions were assessed simultaneously using a Wald F test. Multiple regression estimates of the independent effects of model variables were considered reliable only when interactions between these variables were not significant. Missing values were assumed to be distributed the same as available data, and thus were excluded in all analyses.
The design effect due to stratified cluster sampling was taken into account in univariate and multivariate analyses to calculate confidence intervals for prevalence estimates and odds ratios in the regression modeling. We used ''svy'' commands in the GFSav, Guinea Forest; SS, Sudanese Savannah. * Household level indicator: very good (tap water and flush latrine); good (bore well or unprotected water supply and flush latrine); poor (tap water and pit or bush latrine); very poor (bore well or unprotected water supply and pit or bush latrine). statistical software program (StataCorp), which use linearized variance estimators based on first-order Taylor series linear approximation to compute the standard errors to account for clustering effects due to the sampling strategy.
Ethical Approval
The London School of Hygiene & Tropical Medicine and the federal government of Nigeria provided ethical approval. The 
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IOVS j April 2014 j Vol. 55 j No. 4 j 2645 study adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from all participants before they were examined. Eye examination and simple treatment (e.g., topical antibiotics and glasses) were provided to all individuals, regardless of their consent to participate in the study. Those needing further assessment and treatment (including cataract surgery) were referred to appropriate centers.
RESULTS
A total of 13,591 participants were examined, 1722 (12.7%) of whom were included in the normative sample. There were no significant differences between the study population overall and the normative group in terms of age, sex, literacy, residence, environmental sanitation index, and household literacy ( Table 1 ). In one geopolitical zone, the normative sample was slightly larger than expected (by 33 individuals) and slightly lower (by 10 individuals) in another. A total of 1637 participants (95%) had a full examination with WHO lens grading ( Fig. 2 ). Twenty-eight (1.7%) had undergone cataract surgery and 1.1% (n ¼ 18) had been couched. The prevalence of all types of lens opacity and any opacity by age are shown in Figure 3 .
Nuclear Opacities. The prevalence of NO was 8.8% (95% CI 7.5%-10.1%; Table 2 ), being higher in females than males (10.3% vs. 7.4%) and those who were illiterate compared with those who were literate (12.4% vs. 4.3%; Tables 2, 3 ). There was also geographical variation, with the southeast geopolitical zone having the highest prevalence of literacy (19.7%) and north central the lowest (4.2%). On multivariate analysis, the risk of NO increased with each 10-year increase in age odds ratio [OR] 3.18; 95% CI: 2.67%-3.79%), and was significantly higher in females (OR 2.14; 95% CI: 1.50%-3.04%; P ¼ 0.001); the Igbo ethnic group (OR 4.41; 95% CI: 2.31%-8.40%; P ¼ 0.001); and those with a lean BMI (OR 2.01; 95% CI: 1.15%-3.52%; P ¼ 0.014; Table 4 ).
Cortical Opacities. Prevalence of CO was 11.7% (95% CI: 10.0%-13.3%), being higher in females than males (13.6% vs. 9.4%) and among those who were illiterate compared with literates (15.6% vs. 6.7%; Tables 2, 3) . On multivariate analysis, the risk of CO increased with each 10-year increase in age (OR 2.74; 95% CI: 2.37%-3.15%; P ¼ 0.001) and was significantly higher in females than males (OR 2.14; 95% CI: 1.50%-3.04%; P ¼ 0.001). The Yoruba ethnic group had a significantly lower prevalence than other ethnic groups (OR: 0.45; 95% CI: 0.25%-0.8%; P ¼ 0.007; Table 4 ).
Posterior Subcapsular Lens Opacities. Posterior subcapsular lens opacities had the lowest prevalence, at 2.9% (95% CI: 2.1%-3.8%) being higher in females than males (3.1% vs. 2.7%) and increased with age. In multivariate analyses, increasing age was associated with PSC (OR: 1.89; 95% CI: 1.55%-2.29%; P ¼ 0.001), while living in the rainforest ecological zone was protective (OR: 0.36; 95% CI: 0.15%-0.89%; P ¼ 0.028).
Any Lens Opacity. The prevalence of any lens opacity was 19.8% (95% CI: 17.9%-21.7%), which increased with age: from 2.6% (95% CI: 1.3%-3.9%) in those aged 40 to 49 years to 71.8% (95% CI: 61.3%-82.3%) in those aged 80 years and older. In univariate analyses, the prevalence of any lens opacity was higher in females than males (22.7% vs. 16.5%); among those who were illiterate compared with those who were literate (26.7% vs. 11.1%); those living in the southeast or northeast geopolitical zone (29.8% and 26.4%); the Igbo (27.3%; 95% CI: 
DISCUSSION
Most studies of risk factors for the different morphological types of lens opacity have used the Lens Opacities Classification System (LOCS). However, the WHO grading system was used in this survey for its ease of use in the field. 16 As with LOCS and other grading systems, WHO grading requires dilation of the pupils, allowing peripheral opacities to be identified and graded. The WHO grading system is similar to the LOCS II system (with grading 0-3 for different morphological types of lens opacities), but differs from the LOCS III system, which has more steps and grades. Hence, the results from this paper can be compared with papers using the LOCS II system for those with grades 0 to 3, but not grades 7 to 9. 17 In this survey, CO was the most frequent type, followed by NO, and then PSC, a finding reported in another study in western Nigeria (Table 5) , 18 Tanzania, 19 and surveys in Barbados 20 and in the United States of people of African descent, 21 and Sri Lanka. 22 This contrasts with surveys in India, 6, 23, 24 Australia, 25 Taiwan, 26 Finland, 27 China, 28 and Myanmar where NO predominated. 29 More population-based data on the morphological types of opacities are required from Africa to explore reasons for the differences between regions. One explanation for the predominance of CO in our study is that Nigeria lies near the equator, with high sunlight intensity particularly in northern areas, as ultraviolet light is an important risk factor for CO. 8 Another reason may be because cigarette smoking, a risk factor for NO, is uncommon in Africa, including Nigeria. A limitation of our study is that exposure to cigarette smoking was not assessed.
Age is a consistent risk factor for cataract in all studies, 1 and was also observed in Nigeria. Lens opacity was more common in females than males for all morphological types and for any lens opacity, which includes those who had had undergone a procedure for cataract. This sex difference has been reported in many other studies, 30, 31 but underlying biological mechanisms have not been fully elucidated. In India, a study of presenile cataract in women suggested that childbearing may be § Household level indicator: very good (tap water and flush latrine); good (bore well or unprotected water supply and flush latrine); poor (tap water and pit or bush latrine); very poor (bore well or unprotected water supply and pit or bush latrine). 13 although evidence from other studies is lacking. If childbearing is an independent risk factor for cataract, then communities without access to reproductive health services 32 and high fertility rates will be more at risk. In 2003, the fertility rate in Nigeria was 5.7 births/woman (range 4.1 in the southern geopolitical zones to 7.0 in the northeast), which is among the highest in the world. Over 20% of women aged younger than 20 years have had their first child, and 20% of married women do not have access to modern contraception. 32 All these parameters are worse in northern areas. However, childbearing was not explored in this study. In our study, the Yoruba ethnic group had a significantly lower risk of any lens opacity and CO, while the Igbo ethnic group had significantly greater risk of any lens opacity and NO. Reasons for the ethnic variation may reflect genetic, environmental, cultural or behavioral differences, or may be due to residual confounding. However, there are likely to be other differences between ethnic groups that have an impact on the risk of lens opacities, including diet.
Lean BMI was an independent risk factor for NO, but not other types. The association between BMI and lens opacities is complex, with some studies-mainly undertaken in industrialized or middle income countries-showing an increased risk with greater BMI or central adiposity. 12, [33] [34] [35] Other studies have demonstrated a J-shaped association with both lean and high BMI conferring greater risk (e.g., Pakistan). 7 Lean BMI was associated with greater risk in Myanmar 29 and among Chinese Singaporeans. 36 In developing countries, it is likely that the association between lean BMI and lens opacity is confounded by low socioeconomic status and reflects chronic malnutrition with antioxidant deficiency, and exposure to other risk factors associated with poverty such as frequent episodes of severe diarrhea. 13 In our study, over half of all participants lived in a household where no one was literate. Although lack of literacy was associated with an increased risk of all types of lens opacities in univariate analysis (including any lens opacity), it did not remain significant in multivariable analysis. Level of education is said to be a good proxy indicator of health, 37 but it may not be as discriminating in communities with very poor levels of education overall. Low education is also likely to be confounded by many other factors, such as poverty, access to services, type of employment, nutritional status, exposure to indoor biomass cooking fuels, 10 and poor access to clean water and sanitation, which was also not an independent risk factor in our study. One explanation for the latter may be because the majority of households had a very low environment and sanitation index, with 66.5% of households using a bore well or unprotected water source and a pit latrine or open defecation.
Analysis of data from the Pakistan national survey of blindness showed a significant association between high average annual temperature and lens opacity, with high annual average rainfall being protective. 7 However, in Nigeria average annual mean temperature is fairly uniform across the country and rainfall much higher in southern areas than northern. Exploration of climatic factors was beyond the scope of this study, as this requires the use of local climate data from weather stations or interpolated data, assessment of colinearity between climate variables, and complex statistical analyses that adjust for environmental as well as individual risk factors. 38 It has been suggested that lens opacities may be a useful marker of biological aging 39 and several studies have reported higher mortality rates in those with cataract than those without. 40, 41 Aging entails a complex interplay of molecular, cellular, and system level processes, and exposure to environmental factors such as smoking and a low antioxidant diet accelerate these processes. More research is needed to identify exposures that are likely to accelerate the aging process and risk of chronic systemic and ocular disease. Research is needed to explore chronological and biological aging both within and between populations, to better understand mechanisms which may explain the higher prevalence and earlier age at onset of lens opacity in developing countries. The strength of this study was its large sample size, with clusters selected across the country. All examinations were performed by highly qualified ophthalmologists after an intense period of training. A limitation of the study is that interobserver agreement studies were not undertaken, but the finding that the proportion of participants scored as having no opacities were similar between the two main observers for all types of opacity suggests that were was no systematic measurement error.
In conclusion, further studies are needed to explore risk factors for different types of lens opacity in African countries, to explore ethnicity, childbearing, exposure to biomass cooking fuels, childbearing, and climatic variables, some of which are potentially modifiable or might change over time.
